Introduction
Light is the key source of energy for reef-building, zooxanthellate corals (Muscatine 1990 ). The high gross productivity of coral reefs (see review by Hatcher 1990 ) is, in part, attributable to the high irradiances in shallow oceanic waters. Numerous studies have focused on the role of light in the photophysiology and energetics of reef corals Given that light limitation and light stress are both likely to influence key fitness components such as growth and reproduction, plasticity in light responses is likely to have a selective advantage for coral species with wide light-habitat distributions. For instance, species that are able to occupy extreme low or high light regimes may have reduced competition in those habitats. Also, a greater physiological tolerance of light-habitat dynamics (e.g. after physical disturbances) will increase the physiological potential for colonization of newly formed light gaps.
We investigated the microhabitat light variation in a reef groove environment and the associated variation in growth characteristics (tissue and skeletal thickness), photophysiology and respiration of hermatypic corals, using the common species Montipora monasteriata as a case study. The foliaceous (plate-like) growth form of this species allows comparison of the roles of tissue thickness and photopigment concentration in light capture, and of the photosynthetic capacity of corals and plants. First, we characterized the light regimes within a groove habitat to allow comparison with light regimes of contrasting light environments in other habitats, for example forest gaps and understoreys. Second, we investigated the implications of such contrasting habitats for the energetics of M. monasteriata, and to what degree corals can photoacclimate to changes in growth irradiance. Specifically, we tested the hypothesis that corals in groove habitats display morphological and physiological adjustments to spatial variation in light regimes by varying the thickness and composition of the tissue layer and parameters of the net photosynthesis-irradiance (P-I) curve. Such a pattern would be consistent with that found in forest gaps and understoreys, where plants generally exhibit light acclimation via two mechanisms: changes in leaf anatomy (e.g. thickness); and physiological and biochemical changes in cells and chloroplasts (e.g. Chazdon & Kaufmann 1993).
Materials and methods

STUDY SITES
The field work was conducted in reef grooves along the northern front of Wistari Reef (Fig. la) near Heron Island in the southern section of the Great Barrier Reef (23?27'S, 151?54'E). Reef habitats along northfacing reef slopes were chosen because they are likely to display the highest variation among light microhabitats during the day. Specifically, the orientation of groove walls and overhangs is perpendicular to the path of the sun, shading west-facing groove walls in the morning and east-facing walls in the afternoon. The depth within the grooves was 2-4 m below the lowest astronomical tide (3 m tidal range) and the width of the groves ranged from 3 to 6 m. Based on an initial survey of light regimes and coral distributions within five groove systems, the one that represented most microhabitat characteristics of all grooves was selected for further study (Fig. 1) .
LIGHT MEASUREMENTS
To characterize the variation in light regimes within the groove during the day, a set of five light loggers (392, Dataflow Systems, Cooroy, Australia) with cosine-corrected PAR sensors (400-700 nm wavelength) were deployed along a transect running eastwest across the groove floor ( up to 50 cm in diameter. Montipora monasteriata is common throughout the Indo-Pacific (Veron 1986) and is found in most reef microhabitats. To determine concentrations of zooxanthellae per unit surface area, the tissue of coral samples was separated from the skeleton using an airbrush connected to a reservoir of filtered (0-45 km) seawater. A 5% buffered formalin solution (4-6 ml) was added to the resulting homogenate (20-30 ml). The concentration of zooxanthellae was measured using a haemocytometer and 10 replicate cell counts per sample. The counts were adjusted to sample volume and normalized to cm2 colony surface area.
To examine morphological mechanisms of photoacclimation, the thickness of the skeletal plates of coral samples was determined under a dissecting microscope fitted with an eyepiece graticule. Three replicate points were measured along the broken edge approximately 2 cm from the leading edge of the coral colony, the latter to standardize thickness comparisons. Skeletal density (Ps) was estimated as the ratio of skeletal dry weight to skeletal volume ( Assays were conducted under the same light set-up and protocol as described above for the respirometry runs. To provide a pretransplantation baseline, one fragment per clone (total of 12) was assayed in the laboratory on day 1 (Fig. 2) ; and to test for treatment effects all transplanted corals and controls (total of 48) were assayed in the laboratory on day 21.
STATISTICAL ANALYSES
Confidence intervals for daily, net rates of photosynthesis (PnD, equation 2) were estimated by Monte Carlo simulations of PnD using the 9-day irradiance dataset and the means and standard deviations of individual P-I curve parameters. Briefly, at hourly time stamps, a random-normal generator (programmed in MATLAB 5 11) sampled randomly from within the normal distribution defined by the mean and standard deviation for each of the P-I curve parameters for corals from each of the groove habitats. The hourly outputs were then entered sequentially into equation 2 to produce one replicate estimate of PnD, and the procedure was repeated 500 times to estimate standard deviation. 
Results
LIGHT ENVIRONMENT
The daily, integrated irradiance in the two caves was only 1-5% of that in the central part of the groove (Table 1 ) habitat. In addition to general shading, the low irradiance in caves and under overhangs was also due to shorter day-lengths (=50%) because direct irradiance occurs only in the morning for east-facing caves or in the afternoon for west-facing caves (Fig. 3) (Fig. 4b) . The cave corals showed some tendency to become photoinhibited at the highest irradiance (Fig. 4c) .
DAILY RATES OF NET PHOTOSYNTHESIS
The Monte Carlo estimates of net photosynthesis predicted that the daily photosynthetic carbon gain (PnD) of corals in cave microhabitats was less than 5% that of corals in open habitats ( Sensitivity was determined as the relative change in PnD (equation 2) caused by a 10% increase in a given parameter (Pmax, a or Rdark) while other parameters were kept constant. The 9 day irradiance data sets ( Fig. 3) and mean parameter values (Table 2) for each habitat were used as input variables for each sensitivity estimate. *Normalized to protein. There was no main effect of habitat and transplantation on the concentration of chlorophyll a ( Fig. 6 ; Table 5 ). However, the interaction term for these factors was significant, indicating that the transplantation had different effects on the two groups. Mulkey et al. 1993) . Second, for corals under reef overhangs or for plants in forest gaps, the effective day-length may be shortened significantly depending on the orientation of the reef walls relative to the path of the sun (Brakel 1979) The results of the sensitivity analyses indicate that a reduced rate of dark respiration (Rdark) is the key mechanism for maintaining a positive rate of daily net photosynthesis in shaded and semishaded habitats. Because dark respiration represents a relatively high tax on the daily energy budget of corals with low rates of energy acquisition and/or short periods of irradiance, even a small reduction in the hourly rate of dark respiration has major implications for the energy balance in marginal light habitats. The daily rates of net as caves, mechanisms for downregulating dark respiration and maximizing photosynthetic efficiency are thus likely to be more critical for coral energetics than In conclusion, these results demonstrate that the habitat distribution of M. monasteriata in spur-andgroove reef environments spans a continuum from extreme low-to high-light environments, analogous to the habitat distribution of some plant species in forest gaps and understories. The wide light niche of M. monasteriata is facilitated by physiological as well as morphological acclimations, but results in contrasting scope for growth across light environments. The capacity of cave specimens to acclimate well to increasing irradiances (and to respond to high irradiance by increased metabolism) suggests that M. monasteriata may share the strategy of understorey plants that rely on future opportunities to invade more favourable habitats (StraussDebenedetti & Bazzaz 1996). The adaptive significance of extreme niche widths for the population biology of corals is unclear and deserves further attention.
